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Effects of Thermo-spinal massage treatment in a Patient with
Rheumatism patient with Autonomic nervous system Dysfunction:
A Case Report
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Abstract Rheumatoid arthritis (“RA”), whose characteristics are chronic inflammation and chronic pain,
accompanies autonomic nervous system(ANS) dysfunction. In particular, ANS dysfunction in patients
with chronic musculoskeletal pain was found to have increased the local pain intensity while lowering
the pain threshold, thereby negatively influencing pain. It is reported that thermo-spinal massage affects
relief of chronic pain and recovery of ANS in patients with chronic musculoskeletal pain. Therefore, we
report a case of rheumatoid patients with chronic pain and ANS dysfunction, who experienced recovery

of ANS dysfunction and pain reduction by applying thermo-spinal massage treatment.

Key Words : Convergence, Thermal, Massage, Thermo-spinal massage device, Rheumatoid arthritis,

Autonomic nervous system, Chronic pain

)

2 % TE5S T {utESE EAolA A4 A ol autonomic nervous system dysfunction)o] SHF
7| Pt} 53] RHSS SRl A48 A oS =4 B A SV 9 55 A #4E TS vy 2

A7) S50 ot vIATHL AT ole WA T2AA 55 BAo] £-H3 vhAN] N2F AT Ao
N BS7AZ ALAA 31%o] Hoirky BaET ek, 24 el Y BET 4847 ool B Fot
g% Aol £G-HF oA ABE AGAAT A2V A= T A4S A A7 o] Bust
A gt

FHO 2 87, 24, AR, 2L-AF vAA]T], JotElE, AEAlGA, ST

*Corresponding Author : Yong-Soon Yoon(gvcdr@daum.net)
Received July 2, 2020 Revised  August 5, 2020
Accepted August 20, 2020 Published August 28, 2020



332 st=gsistal=2X H113 M8z

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune
disease characterized by local invasion of the
synovial joint, and systemic inflammatory
response and chronic pain. In addition, many
studies  reported  autonomic  dysfunction
characterized by decreased parasympathetic
activity, increased sympathetic activity, and
reduced baroreflex sensitivity in RA patients[1].
Such autonomic dysfunction has also been
reported in patients with chronic musculoskeletal
pain. In these patients, an abnormal interaction
between the nociceptive and autonomic nervous
systems (ANS) was observed. The increase in
sympathetic activity was found to have increased
the local pain intensity while lowering the pain
threshold, thereby negatively influencing chronic
musculoskeletal pain[2].

The popular methods used to treat such cases
of chronic musculoskeletal pain are thermal and
Thermal

effective for

massage treatments. treatment was

reported to be vasodilation,
facilitated blood circulation, active metabolism,
tissues via

and functional improvement in

parasympathetic activation[3]. Massage
treatment, on the other hand, was reported to
have an effect on improving physiological
balance and controlling pain via sympathetic and
parasympathetic activations(4,5].

In a recent study, simultaneous thermospinal
massage treatment was reported to lower stress
and reduce pain via parasympathetic activation,
with more outstanding effects than massage
treatment alonel6].

This study thus applied thermospinal massage
treatment with a reported effect on reduced pain
via ANS regulation in patients with rheumatism
who had autonomic dysfunction and reports the
consequent positive effect on pain control in a

single case.

2. Case Report

A 43-year-old female patient who had been
diagnosed as having RA 14 years before was
transferred from the division of rheumatology to
our department for pain control. The patient
complained of arthralgia caused by RA in the
metacarpophalangeal and proximal
interphalangeal joints from the first to the fourth
fingers of both hands, shoulder pain on both
sides, neck pain, tension-type headache, and
intermittent dizziness. The shoulder pain on both
sides, neck pain, and headache showed mean
visual analog scale (VAS) scores of 5-6 in daily
activities, with a pattern of aggravation to VAS
scores of 7-9 several times during the day.

To identify the other causes of the pain,
additional tests (brain magnetic resonance
imaging [MRI], C-spine MRI, shoulder MRI, and
electromyography) were performed, but without
unusual findings. To identify the cause of
intermittent dizziness, a vestibular function test
was  performed at  the division of
otorhinolaryngology, but no abnormality was
found.

However, the results of the sympathetic skin
response and tilt table tests showed that the
condition

accompanied an autonomic

dysfunction (as shown Fig. 1).
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(b) Tilt table test

Fig. 1. (@) The result shows delayed onset latency. (b)
Within 3 min of standing, a decrease in systolic
blood pressure by 220 mmHg or diastolic blood
pressure by 210 mmHg was observed (baseline
blood pressure [BP], 105/58 mmHg and heart
rate [HR], 71 beats per minute; head—up tilt BP,
82/48 mmHg and HR, 89 beats per minute; and
head-down tilt BP, 135/77 mmHg and HR, 78
beats per minute)

The initial blood test results showed that the
white blood cell count and C-reactive protein

level in cerebrospinal fluid were normal, while

Table 1. Blood Sampling Test

the measurements of the levels of the RA factors,
anti-CCP, and antistreptolysin O were higher
than the normal levels (as shwon Table 1).

For rheumatism control, the patient had been
given injections of a disease-modifying
anti-rheumatic drug (DMARD; tocilizumab 400
mg/20 ml, Actemra 400 mg). For pain control, the
patient received celecoxib 200 mg (Celebrex 200
mg) and ultracetER (acetaminophen 650 mg with
tramadol hydrochloride 75 mg) twice a day.
Especially, during a pain shock when the pain
level suddenly increased to VAS 7~10, the patient
had been receiving an opioid (oxycodone
hydrochloride 10 mg with
hydrochloride dihydrate 5.45 mg, Targin 10/5

mg) as necessary.

naloxone

Despite  the continuous pain  control
medication and repetitive administration of the
opioid medication, the shoulder pain on both
headache,

insomnia persisted. To ease

sides, neck pain, anxiety, and
the pain and

increase the stability of the patient’s condition, a

Variable Normal range Units 1 week 10 weeks 20 weeksL
WBC 4~105 10°/uL 25 4.9 3.1
CRP 0~0.3 mg/dL 0.01 0.02 0.01
RAF 0~15 U/mL 43.23 NT 45.80

Anti-CCP 0~4.9 U/mL 1133 NT 125.6
ASO 0~160 1U/mL 2781 NT 336.0L

CRP: C-Reactive Protein, RA: Rheumatoid Factor, Anti-CCP: Anti—Cyclic Citrullinated Peptide antibody, ASO: Anti-streptolysin 'O

mean VAS
O R N WA OB O N ® B

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Week

The number of opioid used
w

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
week

Fig. 2. Changes in mean visual analog scale (VAS) score and number of opioids used during the

20-week treatment period.
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device for simultaneous thermospinal massage
treatment was recommended. The patient used
the thermospinal massage device (CGM MB-1401;
Ceragem, South Korea) for 40 min twice a day
during the 20-week treatment period.

The change in pain level was measured weekly
using the VAS, and the change in medication was
recorded. The first notable change was observed
after 10 weeks. The overall pain was reduced.
Average weekly pain level decreased from VAS 5
~ 9 to VAS 3 or below. Also, the amount of
shock

decreased from 3 ~ 5 times a week to twice a

opioid administered during a pain
week. After 12 weeks, the pain level was reduced
to a VAS score of 1-3, without the previously
observed pain increase during the day; thus, the
opioid medication was withdrawn (as shown Fig.
2).

In addition, dizziness was reduced, and the
sleep pattern was improved. After the 20 weeks
the device for the

of using simultaneous

thermospinal massage treatment, heart rate
variability (HRV) was analyzed to examine the
continuous change of the ANS in relation to the
use of the device, as the analysis has been
reported to be a noninvasive method with high
levels of reliability and reproducibility[7].

To measure the HRV, a polar HR10 Bluetooth
heart rate strap (Polar Electro, Kempele, Finland),
which has verified accuracy, and the free
smartphone application Elite HRV(Ashville, North

Carolina, USA) were used[8]. To analyze the

30 min

HRV chsck
Measure 1 Task
Measure 2 Task

Fig. 3. Flowchart of the measurements

Treatment period
‘Thermao-spinal massage

measured HRV, the Kubios version 3.4.0 heart
rate variability software (Biosignal Analysis and
Medical Imaging Group, Department of Physics,
University of Kuopio, Kuopio, Finland) was used.

In the HRV
frequency-domain analyses were used. For the
former, the SDNN (standard deviation of the
node-to-node intervals), RMSSD (square root of

analysis, time- and

the mean squared difference of successive R-R
intervals), and stress index were measured for the
evaluation of parasympathetic activity. For the
latter, the total power (TP) that reflects the
overall ANS activity, the low frequency (LF)
values that indicate the sympathetic activity, the
high frequency (HF) values that indicate the
parasympathetic activity, and the LF/HF ratio
that shows the overall balance between
sympathetic and parasympathetic activities were
estimated[9].

HRV was measured in a quiet room between
4:00 pm and 6:00 pm. The patient participated in
the experiment after taking an adequate rest on
the previous day. For Measurement 1, the patient
was given a 30-min task of typing using a
computer in a sitting posture before and after
the treatment. During the 30-min treatment time,
simultaneous thermospinal massage treatment
was performed. HRV was measured before,
during, and after the treatment. In Measurement
2, only the 30-min treatment time varied from
that in Measurement 1, during which time the
patient was asked to maintain a comfortable bed

30 min 30 min

HEV check HEY check

Task

Task

Task: Typing using a computer for 30 minutes in a sitting posture.
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resting posture for 30 min without simultaneous
thermospinal massage treatment (as shown Fig. 3).

From the data obtained from each phase,
namely before, during, and after the treatment,
the first and last 5 min were removed, and the
selected 20 min in the middle was analyzed.

For Measurement 1, the SDNN and RMSSD
increased during the simultaneous thermospinal
massage treatment, whereas the LF decreased, HF
increased, and LF/HF ratio decreased. For the
two measurements (all phases), the most
significant change was observed in the HRV
measured during the simultaneous thermospinal
massage treatment. This coincided with the result
of the study of Lee et al., who reported the
effects of simultaneous thermospinal massage
treatment in patients with chronic pain. The
result in this study is thus presumed to indicate
an improvement in the parasympathetic activity
during the simultaneous thermospinal massage
treatment.

The measurements after the treatment showed
an increase in parasympathetic activity as
compared with those before the treatment, but
when compared with those during the treatment,
the parasympathetic activity was found to have

slightly decreased (as shown Fig. 4, Table 2).

Table 2. Measure 1: Thermo-spinal massage treatment,

(a) Time—-domain results

Variable Before Thermo-Massage After
Mean RR(ms) 812 998 826
Mean HR(bpm) 74 60 73

SDNN(ms) 25.1 35.6 294
RMSSD(ms) 237 412 276
Stress Index 156.8 103 136

SDNN: Standard Deviation of the Node to Node intervals, RMSSD:
square Root of the Mean Squared difference of Successive R-R
Distance.

(b) Frequency—-domain results

Variable Before Thermo-Massage After
Total Power(ms?) 524 1247 712
Power-LF(ms’) 286 381 357
Power-HF(ms’) 195 782 306

LF/HF ratio 1.468 0.487 1.170

LF: Low Frequency , HF: High Frequency

For Measurement 2, the SDNN and RMSSD
increased during bed rest, while the LF
decreased, HF and LF/HF
decreased, but the levels of the changes were
1 with

simultaneous thermospinal massage treatment. In

increased, ratio

lower than those in Measurement
addition, the measurement after the treatment
showed an increase in sympathetic activity as
compared with that before the treatment (as

shwon Fig. 5, Table 3).

Table 3. Measure 2: Bed rest treatment.

(a) Time—domain results

Mean RR(ms) 856 1002 822
Mean HR(bpm) 70 60 73
SDNN(ms) 33.1 328 30.6
RMSSD(ms) 33.0 36.0 26.7
Stress Index 12.0 9.8 13.8

SDNN: Standard Deviation of the Node to Node intervals, RMSSD:
square Root of the Mean Squared difference of Successive R-R
Distance.

(b) Frequency-domain result

Variable Before Thermo-Massage After
Total Power(ms?) 954 934 872
Power-LF(ms’) 441 336 456
Power-HF(ms?) 440 552 328

LF/HF ratio 1.000 0.609 1.388

LF: Low Frequency , HF: High Frequency.
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(a) Changes in R-R interval according to the total measurement time
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(b) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF) in the measured
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frequency range during the task performance before the treatment.
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(C) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF) in the measured
frequency range during the simultaneous thermospinal massage treatment.

vk WFMHy | 0 || o004 | |
. wew 00 foss |
were) (HOAEH- (ORI
awr| J
?nm*
§ sl

FFT:
T T T T T T T T 7

Frequency bands | [efay 4

o0z
Frequancy iHz)

(d) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF) in the measured
frequency range during the task performance after the treatment.

Fig. 4. Measure 1: Thermo-spinal massage treatment. (a),(b),(c), and (d)
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(b) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF) in the measured

frequency range during the task performance before the treatment
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(c) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF)
in the measured frequency range during bed resting.
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(d) Power spectrum densities (PSD) of low frequency (LF) and high frequency (HF) in the measured
frequency range during the task performance after the treatment

Fig. 5. Measure 2: Bed rest treatment.
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The result of HRV analysis showed the highest
parasympathetic activity during the simultaneous
thermospinal massage treatment, the level of
which was maintained after the treatment (as
shown Fig. 4, Table 2).

3. Discussion

Ferguson et al. reported that the inflammatory
cytokines produced as a result of rheumatism
influence the circumventricular organs via blood
to cause sympathetic acceleration[10]. Adlan et
al. reported that the increase in C-reactive
protein level related to aggravated rheumatism
was  associated with the decrease in
parasympathetic activity, whereas Tracey et al.
reported that the inflammatory response was
regulated by the parasympathetic activity[11,12].

However, the case reported in this study
showed steady levels of inflammatory or
rheumatoid factors, without any change in blood
test results while the patient was receiving
administration of a DMARD (as

shown Table 1). Thus, in the present case, the

continuous

increase in parasympathetic activity was

presumed to have directly regulated the
inflammatory cytokines or rheumatism factors,
thereby controlling pain.

Various studies have reported a correlation
between chronic pain in the central nervous
system and ANS[13,14]. Lovick et al. reported on
the effect of the periaqueductal gray substance
(PAG), one of the key players in the control of
endogenous pain. Initially, for a rapid response
to avoid the nociceptive stimuli, the activation of
dorsal PAG leads to sympathetic activation. To
suppress the sympathetic activation and control
the pain caused by the nociceptive stimuli, the
ventral PAG is activated. Ventral PAG activation
leads to parasympathetic activation, and the
serotonergic network of the descending pain

inhibitory system that passes by the nucleus

raphe magnus and noradrenergic network in

relation to the locus ceruleus is activated.
Through this, the release of somatostatin and
substance P from the spinal cord is inhibited.
Pain control in this process was reported to show
an opiate analgesic effect[15].

In addition, Megan et al., in a study on the
association between chronic muscle pain and the
ANS, reported that the exercise pressor reflex
(EPR) of the muscle leads to an increase in
sympathetic activity through the AD and C nerve
fibers.16 Based on this, the

thermospinal massage treatment in the present

simultaneous

case was thought to stimulate the muscle
surrounding the spine: thereby, the EPR of the
spinal muscle is generated, with resulting
stimulation of the descending pathway of the
dorsal PAG (dPAG), which led to an immediate
sympathetic

acceleration. To suppress the

sympathetic acceleration, parasympathetic
activation is induced and the ventral PAG (vPAG)
is activated to produce an opiate analgesic effect
via the serotonergic and noradrenergic networks.
This is presumed to be the reason for the
reduced pain in the reported case after the
20-week repeated simultaneous thermospinal
massage treatment.
Furthermore, in  Measurement 1, the
parasympathetic activity was shown to have been
increased even after the simultaneous
thermospinal massage treatment as compared
with the time before the treatment, and the
increased level was maintained. However, in
Measurement 2, the sympathetic activity was
shown to have been accelerated after bed rest. In
accordance with the finding of Christopher et al.,
this is regarded as indicative of the restoration of
the physiological balance of the ANS, as the
repeated stimuli from the simultaneous
thermospinal massage on the muscle surrounding
treatment

the spine during the cause an

alternation between sympathetic and

parasympathetic activations[4].
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Despite several limitations, including the fact
that only a single case is reported, HRV was not
measured prior to the initiation of the 20-week
simultaneous thermo-spinal massage treatment,
and HRV was measured two times, the findings of
the present case imply the need for further

research on the effects of simultaneous

thermospinal massage treatment on other types
of chronic pain in addition to that in rheumatism

with autonomic dysfunction.
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